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ABSTRACT
Precise determination of low-lying excited nuclear energy
states can aid in the modification and adaptation of existing
and future theories concerning nuclear structure, utilization
of a two-meter Cauchois type crystal has yielded a deter-
mination of energy levels with an accuracy of one in 3>Q00
which is an order of magnitude superior to previous deter-
minations. Procedure for lining-up of the exposure assembly
and preparation of radioactive sources of one curie strength
is described. Irradiation and handling of these sources is
outlined and restrictions applicable t© source selection is
discussed in relation to existing A.E.G. restrictions re-
garding the MITR. Preparation, utilization, and precautions
employed in the use of 600 micron thick mounted nuclear
emulsions for permanent data recording is presented.
A source container has been developed and is proposed
as being adequate for the safe containment of fifty curie
sources. These activities, when approved by the A.E.C.
will greatly enhance the value of the two-meter spectro-
graph both for shorter lived nuclides and for low gamma
ray intensities from longer lived nuclides.
Thesis Supervisors N. C. Rasmussen
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The current interest in the structure of the atomic
nucleus, naturally produces a myriad of hypotheses, con-
jectures, and theories (1,2) concerning its exact character
As the model grows in complexity it becomes increasingly
important that methods available for examining and measur-
ing any nuclear characteristic be pursued to the greatest
accuracy currently possible. These measurements discount
or add credibility to existing theory and narrow the path
for future theoretical activities. The difference between
the energy levels inside the nucleus is just such a char-
acteristic building block. Increasing accuracy of the
energy differences is the purpose of this thesis „ The
measurement is made by examining the electromagnetic
radiation (gamma ray) emitted when the nucleus drops from
one energy level to another. By using the bent crystal
defraction technique measurements with a precision as
great as one part in 3000 can be made.
Measurements of this type have been made by DuMond (15)
at the California Institute of Technology, by a group at
the Radiation Laboratory, University of California (7,8,9)
and by Walters and Webber here at M.I.T. (29).
-1-

This thesis describes the operation of a two -meter
focusing spectrograph of the Cauchois type.
The maximum source activity presently allowed at the
MITR is one curie. In conjunction with a pending request
to increase the allowance to fifty curies, design, pack-
ing procedure, and sealing technique for a double seal
welded construction source container is described. In
the anticipation of approval of this increased activity
allowance, a rotating arm attachment was designed and
manufactured for relative gamma ray intensity measurement
All of the radioactive sources used in these experi-
ments were produced in the research reactor at the




THEORY GP THE BENT CRYSTAL SPECTROGRAPH
A. Basic Principle
Max von Laue, in 1912, postulated the idea that a crystal
with its orderly cellular structure of closely spaced atoms
might behave toward an X-ray beam in a manner similar to that
of a ruled diffraction grating toward visible light (17 )»
Later that same year the Braggs, father and son, obtained
clear sharp spectrum lines on photographic film and de-
veloped their law of crystal defraction (3). They presented
a simple and graphic model explaining quantitatively the
results of the experimental work. The law which bears their
name explains the principle upon which all crystal spectro-
scopy is based.
The following is a brief account of the diffraction
of electromagnetic waves by the atom planes of crystal cells.
A more detailed and elegant description is found in re-
ference 28.
If plan® monochromatic electromagnetic waves are
incident on the uniform cellular structure of a crystal,
a wave of radiation will emanate in all directions from each
atom. Ai these spheres of electromagnetic radiation spread
-3-

outward from their atom centers they interfere with one
another . Generally their phases differ such that they can-
cel out. Such cancellation is called destructive inter-
ference. The specific conditions under which constructive
interference occurs constitute Bragg "s Law. Constructive
interference can be graphically described with reference
to Figure 1. Plane electromagnetic waves of wave length A
intersect the atomic planes at an angle 0. The first
Bragg condition is that the angle of the reflected radiation
equal the incident angle.
(a) © - ©«
Constructive interference will occur only when the
paths of radiation from plane 1 and plane 2 differ in
length by an integral number of wave lengths. From
Figure 1, O.OpB must equal 0,A plus an integral number of
wave lengths (n A )» Since triangles 0,^0 and 0,00 are
congruent, distance CO^B must equal n A . Triangles COOp
and BOpO are also congruent. Therefore, C02 < O^B d sin ©,
and second Bragg condition is formulated.
(b) nA 2d sin 9
These two conditions assure constructive interference
together they constitute Bragg "s Law.

Atomic Plane 1
Atomic Plane 2 —*-
FIGURE 1
Bo Geometry of the Curved Crystal
Focusing Spectrograph
In 1950, DuMond and Kirkpatrick published a practical
scheme for a curved crystal focusing spectrometer (15 )»
In the ensuing four years several excellent papers
(4, 5, 19, 20) describing different approximate and exact
ramifications of this scheme were published and two general
types emerged, the reflection type (19) and the transmission
type (4, 11, 12, 13).
The first transmission spectrograph was built by
Yo Cauchols (4). The M.I.T. two-meter crystal apparatus
used in this thesis is of the Cauchois transmission type
-5-

The general focusing principle is diagrammed in Figure 2.
The crystal shown is coincident with an arc of a
circle whose center is at 0. The atomic reflecting planes
traversing the thin crystal sheet point to a common junction
at C called the beta point.
Any gamma ray of a given energy (wave length A )
which strikes one of the atomic reflecting planes at an
angle such that
A- 2d sin 9
will be reflected at an angle 9. Since all of the reflect-
ing planes if extended intersect the circle at C and all
make equal angles with their reflected rays, the same arc
of the circle, CI, must be subtended in each case and the
rays therefore focus at point I.
The mirror image of this figure has been omitted for
simplicity o as the source is drawn here either side of
this atom plane could reflect; therefore I and V would
have virtual and real images superimposed. Using this
same approach it is evident that each wave length, since
it has a different angle of reflection, would be focused
at a different point on the circumference. Prom the Bragg
equation it is seen that the larger the wave length, the
larger is the Bragg angle and so, since energy is inversely
proportional to wave length, the higher energy will focus
-6-





Exact Type Transmission Spectrograph
Showing Rays from an Extended Source




nearer the beta point. The measurement of distance between
the points of focus for two different X or gamma rays is
easily convertable to energy difference so that the pro-
blem becomes one of measuring the distance along the circle
circumference from a known to an unknown energy.
A crystal cut to correspond exactly with Figure 2
gives a transmission spectrograph which is known as an
exact type. Such a crystal has been successfully produced
by profiling the crystal faces to a radius of 2R in the
unstressed state where R is the radius of the focal circle.
When the crystal is subsequently bent to a radius of R,
the intersection of the crystal planes becomes a vertical
line at a distance of 2R from the crystal neutral axis. (20)
Y. Couchois realized that having the projected atomic
planes intersect at the required distance is, the paramount
requirement. In the Couchois approximate type of trans-
mission spectrograph, the difficult process of profiling
the unstressed crystal is avoided. An unstressed crystal
is bent to a radius equal to 2R„ The reflecting planes all
point to the beta point but the crystal itself does not
conform exactly to the focal circle.
The M.I.T. two-meter instrument used for this thesis
is of the Couchois approximate type. It is realized and
accepted that optical aberration results from the fact
that the neutral axis of the crystal departs from the focal
-9-

circle an increasing amount as the lateral distance from
crystal center line increases. This effect is shown
graphically in Figure 3. Reference (12) considers this
aberration quantitatively and gives the result:
a A cos Q(l - cos oc)
X " cos (c* + 0)
where: is Bragg angle
o< is the half angle subtended by the crystal
With a crystal small relative to the focal diameter
and for small Bragg angles (higher energies) the aberration
becomes negligible
. Through the range of usefulness the
MoIoTo two-meter spectrograph has a fractional aberration
-5
on the order of 10 .
The transmission type curved crystal spectrograph, in
contrast to the reflection type, need make no correction
to Bragg angle for transmission from air into quartz and
then back into air so long as the reflecting planes are
normal to the boundary surfaces
.
Couehois also showed that in addition to the general
focusing previously described, there is a focusing effect
through the thickness of the crystal. Bending the crystal
produces larger grating spacing towards the convex surface








concave surface. The larger spacing results In smaller
Bragg angle. The smaller spacing gives larger Bragg
angle. DuMond (11) estimates that this variation results
in Just the correct convergence of rays over the entire
thickness of crystal to give perfect focusing. In short,
all rays are given minute plus or minus deviations of
such magnitude that they all converge on the ray from
the neutral axis.
C, Relation Between Source and Detector
DuMond (11) has developed a plan whereby a concen-
trated (theoretically a vertical line) source is moved
along the focal circle and the intensity of radiation
coming through the crystal and collimator is measured in
a GM or scintillation counter. Figure 4a outlines this
setup
.
A second arrangement, shown in Figure 4B, uses an
extended source and focuses the rays at a vertical line
on the focal circle.
It is obvious from Figure 4 that the first of these
two arrangements makes the more efficient use of a given
activity of source when the source is properly positioned.
Each atom of the source sees the entire crystal as a






Point Source Type Spectrograph
FIGURE 4-B
Extended Source Type Spectrograph
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has only a minute segment of the crystal for transmission
to the point of focus. Reference (3O) contrasts a few
seconds of arc for method B to several degrees for method A.
The extended source, arrangement B, finds its advantage
in simplicity, absence of moving parts, and the ability to
record several different energies simultaneously . Where
large source activities are permitted, its efficiency dis-
advantage can be overcome by using a powerful source. With
the line source, physical dimensions greatly restrict maxi-
mum source strength.
Detection may be by photographic emulsion or a thin
slit counter. The former is most applicable to the extended
source where several energy lines are recorded at once. The
latter is most advantageous to the line source method because
the greater efficiency gives much higher count rates.
D. Efficiency
The overall instrument efficiency is the ratio of gamma
quanta recorded by the detector (counter or emulsion), at a
given energy point, over the total quanta of this energy
emitted by the source.
The efficiency depends on the distance of the source
from the crystal—solid angle, the efficiency of detector
—
hence the use of emulsions (21), and the acceptance angle
-14-

the angle within which the quartz lattice will accept and
reflect radiation from a given atom in the source. Re-
ference (29) discusses efficiency of the two -meter spectro-
graph in some detail. It is of particular note that
acceptance angle is inversely proportional to energy squared
and the emulsion brings in an energy relation with inverse





DESCRIPTION OP EXPERIMENTAL APPARATUS
A. Two-Meter Bent Crystal Spectrograph
Figure 5 is a photograph of the two-meter spectrograph
and source container used in these experiments. Gamma ray
energy passing from the source through the shielded channel
to the bent crystal is diffracted by the crystal and focused
on the glass backed emulsion in the film holder at lower
right.
The triangular box beam frame provides a rigid mounting
base for the crystal and the film holder. It is supported
as shown in Figure 6 by three bolt legs set in aluminum plates
which were installed for rigidity and ease of leveling.
To place the apparatus at a convenient working level
the frame was placed on top of a drafting table. Aluminum
plates under the legs of the table distributed the weight
for safer floor loading.
The quartz crystal is >g- inches long, 3 inches wide, and
2 mm thick. It was cut so that the (310)planes are perpendi-










Frame Leg Height Adjustment and Base. Surface A
Supports the Weight. By turning Nut B the Frame
is Accurately Raised or Lowered.
Selection of the crystal material, preparation of the
crystal and its holder, and the crystal mounting (bending)
procedure are all critical to a successful experiment. The
crystal is cut from a perfect mono-crystalline quartz
specimen which must be free of twinning. Care is taken to
cut, grind, and polish the quartz exactly normal to the re-
quired crystallographic planes. Reference (15) describes
the procedure employed.
This perfectly flat crystal is bent to a two-meter
radius between two hardened stainless steel blocks as shown
18-

in Figure 7. The block material is chosen for its thermal
expansion coefficient which matches very closely that of the
quartz it is bending. The procedure for the manufacture of
these blocks is outlined in Reference (16).
The film holder, which may be seen at bottom right in
Figure 5, is machined from brass. Its function is the
holding of the photographic emulsion (described in
Appendix 1), on the one -meter focal circle of the crystal.
The one inch by one foot slot in the front of the
holder, frames the film recording area. The four threaded
legs allow vertical positioning of the holder for alignment
with the crystal.
B. Source Container Design and Manufacture
The source container is a basic but extremely important
factor in this type of experiment. In its design, one strives
for safety, handling and storage simplicity, and a con-
figuration which is commensurate with irradiation facilities
and experimental requirements.
The handling requirement has been met by the crimp cap
container in conjunction with a pneumatic handling tool head
designed by the M.I.T. staff. Both of these items are
pictured in Figure 8. Notice that a variety of tools are
possible with this same tool head design. The crimp cap
container has dimensions which allow use of the vertical
-19-

Figure 7: The crystal,
crystal holder, and
crystal mounting
block. This is a
view of the convex
face of the crystal





can from 3GV6. The





sample facility designed by the Reactor staff for vertical
ports 3GV5 and ~5GV6 of the M.I.T. Reactor . The crimp
container also places a "maximum diameter of source" re-
striction on the sample. This is important because the
experiment depends on the use of an extended source. The
orientation of sample chosen for film exposure makes sample
can diameter the dimension of the expended source.
Reliable containment, including resistance to internal
pressures and the withstanding of external damage, depends
in part on the form and character of the sample, the anti-
cipated activity of sample, and current safety restrictions.
Many of the samples to be irradiated were available
only in powder form and had a chemically active character.
The granting of a pending M.I.T. request to the A.E.C. for
an increased activity allowance from one curie to fifty
curies per isotope would have greatly increased the potential
of this experiment . In order to comply with safety re-
strictions imposed by the above two factors, much emphasis
was placed on developing a technique for canning samples
inside a double aluminum container, the inner container to
be w@ld@d 8M& air-tight
.
It is noted that use ©f any inner container is in
opposition to the experimental extended source requirement
previously mentioned, and so will decrease the energy range
covered in a given exposure.
-21-

The first effort at a weldable insert is shown in
Figure 9„ A welder expert in heliarc welding was employed.
The welding heat caused the air inside the container to ex-
pand and virtually blow the weld metal away whenever an
attempt was made to close the weld. Welding with the con-
tainer nearly submerged in water for cooling gave definite
improvement but still no air-tight welds.
After they had cooled, each weld was tested by sub-
merging the cans in a beaker of 90°-95°C water, as the cans
heated, the pressure inside increased and a stream of air
bubbles indicated a leak. If no bubble formed on the weld
during ten minutes the weld was judged air-tight.
Replacing the l/l6 inch caps with solid plugs machined
to fit down on the sample snugly brought marginal success.
However, the welding of the l/l6 inch container wall to the
solid plug required excessive heat and caused the welder
difficulty. Therefor®, the top of the plug was drilled out
to leave a l/l6 inch wall for welding to the l/l6 inch con-
tainer wallo In this way successful welds were consistently
The next advance shown in Figure 10 is the final design
from which manufacture of inserts, caps, punchy and die were
contracted. In addition to improvements previously noted,
it includes the provision for compacting powders into solid











Weldable Source Container Insert . This is a





leakage and facilitates recovery in the event that both
containers are punctured. It also increases ease of weld-
ing because little air remains to expand and disrupt seal-
ing. Finally, it provides for packing several times as
much sample into a given container.
The 1100 Aluminum was specified in preference to the
6063 because its weldability more than offset its poorer
machinability
.
The canning components are shown in Figure 11. The
ball of aluminum foil was used to overcome a problem in-
troduced by the compacting procedure, as the plug cylinder
was forced into final position powdered metal from the
sample was left between the two surfaces to be welded. In
the first attempt with powdered selenium, Figure 12, this
contamination of the weld metal made successful welding
completely impossible. This problem has been completely
eliminated. After the powder is packed, the inner walls
of the container are wiped clean and the crumpled foil
sphere is inserted. When the plug cylinder is pressed into
position, as shown in Figure 13, the ball flattens out and
prevents any powder from being forced up between the sur-
faces to be welded.
It is realized that since virtually all air has been
removed from the container the method of testing for leaks




Figure 11: Elements for packing a source. A, The source
can. B, The top plug cylinder. C, The top cylinder
punch. The large end of this hardened steel punch may
be used to pack powder into the source can. The small
end fits Into the top cylinder plug and is used in
pressing the plug Into the can. D, The can die holds
the source can during the entire packing operation.
It holds the can dimensions so that it may be inserted
into the crimp can container after welding. E, Ball
of aluminum foil which is placed on top of the packed
powder in can A before the top B is forced down onto
it as seen In figure 13.
Figure 12: Inner container
seal welds.
At the left is a typical
successful weld seal. At
the right is the result of
an unsuccessful attempt
when a contaminating
powder metal from inside
the can was left between
the surfaces to be Joined.
26

Figure 13? The actual packing operation.
Five tons of force is exerted packing
the powder into a solid. The excess plug
top is cut off, the can is removed from
the die, and the top is welded.
27

of one of these final welds leaves little doubt that they
are satisfactory. In earlier attempts several hours of
welding and grinding away of bad weld metal often gave
failure even by visual inspection. With the final method
described above and pictured in Figure 12 welds were com-
pleted in one minute without breaking the arc. Visual
inspection shows a perfect fusion weld.
Notice also in Figure 14 the water cooliAg tank
which tests showed was not absolutely essential in the
final method but was necessary for the quick welding and
quality of weld described above.
Upon completion of welding the can base was machined
as shown at the left in Figure 15 for insertion into the
crimp container. At the right in the same figure the outer
air-tight seal has been made and the source is ready for
irradiation.
C. Reactor Irradiation Facility
The MoI.T. Reactor was used to activate the samples
studied in these experiments. Section 1 of Reference (23)
and Reference (28) give a description of the MITR facility,
an irradiation facility was designed by the M.I.T. staff for
vertical port 2GV6. It was purchased for this project and
was employed in all source preparation. The facility is
-28-

Figure 14: Hellarc welding dish.
The six inch outer cylinder is filled with water
for rapid heat conduction from the can. The small
cylinder welded to the bottom plate at the center
of the water dish holds the can to be welded. upright





At the far left, the




can and for sealing
as shown at center
and at far right.
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shown schematically in Figure 16. It provides shielded
access into the graphite reflector. Essentially it is a 1-1/8"
diameter tube which slants downward from the lower annular
ring into the graphite to a point 13 to 14 inches below the
vertical center line of the fuel, k sample at the bottom
of the tube is about one inch from the reactor tank and
when the reactor Is operating at one megawatt, Is in a
flux of approximately 5 x 10 neutrons/cm -sec.
Do Shielded Transporting and
Storage Equipment
This experiment was conducted in Room 320 of Building
NW-12. The room is on the third floor, the building is
adjacent to the Mol.T. Reactor. This fact required the
transportation ©f each source outside the reactor, through
general usage areas and up three floors. Since personnel
not normally working with radioactive material and sensitive
experimental setups might be approached, a maximum dose rate
allowance of 1 mr/hr at 1 foot was set for the transportation
container. Room 320 is directly above a classroom and the
adjacent rooms have study and office spaces. Consequently,
a maximum dose rate of .25 mr/hr at the room boundaries
was established.
Through the early part of the thesis preparation it was




















Schematic Diagram of the M.I.T. Research Reactor Showing
the Orientation of 5GV6
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best results. Therefore care was taken in checking and
Improving upon all shielding.
The shutter pig pictured in Figure 17 is a portable
device used to receive the source as it leaves 30V6. as
the crane lowers the pig the stainless steel rod shown in-
serted through it insures exact alignment of shutter pig
and thimble outlet. When the shutter pig is in place this
skewer is removed. The grapple pulls the source can up into
the pig, the shutter is closed, the grapple is removed, and
the plug is inserted. The source may now be moved away from
the reactor. Notice that it has at no time been outside of
shielding
.
The transportation container, Figure 18, has shielding
made up of standard 2 inch by 4 inch by 8 inch lead bricks.
It weighs about 2000 pounds, has 8 inches of lead in all
directions, and is mounted on a 5000 pound capacity four
wheel hand truck.
The function of the exposure pig, Figure 19, is to
provide maximum shielding of the source without interfering
with exposure of the emulsion. Figure 20 shows the inner
lead container which was machined from a larger pig. The
top was made by filling in the center of a piece of this
same pig. The top and container walls were beveled to in-
sure proper alignment and a tight fit. Figure 20 also shows
the stainless steel locking container. The experiment was
-32-

Figure 17: Shutter pig
being aligned with and
lowered onto 3GV6.
The drawer type sliding
shutter seen at the
lower right edge of
the pig is open.
Figure 18: Source
transportation dolly
on the reactor floor
waiting to receive
source from the
shutter pig which is
being lowered from
the reactor top.
The two lead bricks
at right, when






Figure 19s Exposure pig (shielding partially removed)
The tongs and the pig top handling tool keeps hands far from























performed in a remote unmanned sector of the reactor building;
therefore, positive locking containment was a requirement.
The authors feel that this change in container design was a
definite improvement since the new exposure container
occupies less than one-third the volume of the previous de-
sign o With this smaller volume, the weight of lead required
to build an outer shield of the same effectiveness is greatly
reduced.
Temporary storage in room 315 was used for those sources
which might be required for further exposure. An example is
the "tantalum standard" which was needed for each emulsion.
This facility was also used for storage of sources no longer
required prior to transporting them to more permanent storage.
The vault was built of standard lead bricks and provides
approximately 8 inches of shielding on all sides.
The Mol.T. staff has designed and built a vault for more
permanent storage of these sample cans . It is located in
room 135 on the ground floor of building NW12„ The facility
shown in Figure 21 was built for insertion into an existing
6
-inch steel pipe -well in the floor, which is also shown.
The insert is made up of six aluminum tubes 72 inches in
length with three aluminum plate separators to hold them
in position . The tubes are welded into the bottom separator
plate which forms the bottom seal for each tube. The samples
may be stacked into these six "barrels" so that it has potential
-35-

Figure 21: Permanant source storage vault.
The entire facility is normally below the floor level.
(Extracted for the photograph) The pneumatic grapple
is used for lowering source cans down into the 72 inch
tubes. Just to the right of the vault is the threaded
steel top plug.
Figure 22: Intensity
meter arm is not
permanently mounted.
The flat plate at
the right will hold











for holding over one hundred cans of the type used In this
experiment and pictured in Figure 15. The grapple
handling tool described earlier is used for inserting and
recovering sources. Safety consideration prevented picturing
the entire storage core since it was holding a number of
decaying sources at the time the picture was taken. The
capacity for storage of a large number of these sources
not only provides for fairly long-lived decay of samples,
it should save future effort, time, and expense. Assuming
that the quality of these source cans is acceptable for
future high level irradiations and that proper records of
can contents are kept, a virtual library of elements for
reirradiation and experimentation can be built Up.
The adequacy of shielding and handling procedures is
evidenced by the low radiation levels measured during the
operations. The total film badge dosage accumulated by




E. RELATIVE LINE INTENSITY METER
Early in the course of this thesis, when it was anti-
cipated that relatively high intensity sources might be
made available, it was intended to measure the relative
intensities of the gamma rays being investigated. This
added information though valuable, is not available from
the emulsion or X-ray film exposures. Even if the exposure
eomparitor methods were sensitive enough for accurate com-
parison the range of reaction sensitivity is too limited.
Thus in comparisons of interest the more intense of the
two radiations would saturate the film long before the
other was detectable. Consequently, it was intended to
record intensities with a scintillation detector. Design
calculations were made, and to achieve reasonable energy
discrimination it was felt necessary to shield the de-
tector tube down to a very narrow vertical slit and to
locate this slit as nearly as possible on the focal circle
of the crystal. The radiation of a given energy from the
crystal disperses beyond the focal circle as shown in
Figure 2. Since the shield for the head of the detector
must have finite thickness and minimum opening width is
desired , careful and detailed design of the head shield
is required.
The arm shown in Figure 22 was designed to hold the
aead on the focal circle. Its mounting to the
-38-

frame was not completed nor was the crystal shielding
constructed. The arm was designed to rotate about a
bearinged pin which has been located at the center of
the crystal's focal circle. The roller bearing wheels
under the plate near the bottom of the figure allow
imooth movement of the detector along the arc and will
support the majority of the weight of the arm, the crystal,
the tube, the preamp, and the shielding.
Notice the positioning screw with its support bearings.
Each revolution moves the threaded block one millimeter
along the screw. The crystal slit will be moved along the
circumference of the focal circle a corresponding and very
nearly proportional amount. The threaded block mounted in
the arm is free to pivot in its socket about a vertical
axis. This degree of freedom is necessary since the screw
rod is effectively a circle cord and so changes its angle
with the arm, a radius, depending on the length of the
.« Even at its longest, the rod makes a fairly short
It is this fact which allows a previous statement
that ©hanging its length gives a nearly proportional change
in the position of the crystal which moves along the cir-
cumference. A rough intensity ^cale has been laid out on
the focal circle. One can measure the distance between two
lines being compared and calculate quickly how many turns
will move the counted from one energy to another. For even
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more accurate positioning one can take the known energies
and by following the reverse of the calculations outlined
in Section compute distance in centimeters along the
focal circle o No data was obtained for this thesis from
the relative intensity equipment. As seen in the figure
the arm is complete and ready for mounting e Calculations
and rough design of crystal head shielding (slit) have






In general it was desired to irradiate and expose elements
with atomic number between 40 and 60 o However, as the atomic
number decreases the number of low lying excited nuclear
energy levels also decreases so that there is a scarcity of
elements at lower z> that may be used with the two-meter
crystal . A larger, six meter apparatus used at M.IoT» will
be able to resolve the higher energies using the sources pre-
pared for this thesis. In addition, due to the scarcity and
wide spacing of low lying excited nuclear levels, the activation
cross-section for thermal neutrons Is low, limiting the usable
elements due to time and irradiation cost. Since it Is the
daughter product whose excited level is being studied the
factor of half-life must also be considered . Too long a half-
llfe makes the parent nuclide unsuitable due to irradiation
cost for building up enough activity to be recorded unless
its activation cross -section is quite large and too short
a half-life prohibits the utilization of the major portion
of activity built up. The short half-life problem can be




The procedure followed was to first note and eliminate
the half^llves of daughter nuclides that were shorter than
about twenty hours. This is certainly an arbitrary figure
but Is based upon the maximum exposure obtainable if the
gamma ray to be measured was initially present at the maxi-
mum strength of one curie , in accordance with the license
granted to M.I.T. by the A.E.C. to produce radioactive
isotopes „ This ideal condition is met only if the decay
scheme is such that there Is no beta ray branching and/or
the Internal conversion ratio Is zero for the isotope In
question. Thus, if this twenty-hour isotope is built up
to saturation In the reactor, and is then exposed for four
half-lives an exposure of 27.0 eurie-hours for that gamma
ray would result. Longer exposure times would result in
little additional darkening of the emulsion.
The long half -life cut-off was also arbitrarily set,
but reflected the long and expensive time required to build
up any appreciable amount of activity In the reactor . Half-
lives of the daughter product greater than one year were
therefore discarded unless the parent nuclide had an un-
usually large thermal neutron cross -section.
The linear yield was then calculated for the remaining
Isotopes and the greatest yields determined the decay schemes
t© b@ analyzed for prospective gamma rays. The range of
gamma ray energies that are readily ameaaable to the two-meter

apparatus is approximately 40 kev to 350 kev. This range is
limited by consideration of very low efficiencies at high
energies and the length of mountable film needed to encompass
both the calibration lines and the prospective gamma ray at
low energies. This limitation further pin-pointed the usable
elements
.
The next nuclear property to be considered was obtain-
able only from complete decay schemes with absolute branch-
ing ratios and internal conversion ratios. Reference (26)
was used as a guide in obtaining the absolute percent of
occurrence per disintigration of the prospective gamma ray.
Since the A.E.C. license under which M.I.T. operates specifies
that no isotope be produced having an activity greater than
one curie, these ratios became paramount in the final selection
of the element. Unfortunately these ratios are not well
determined for all elements, and even though the daughter
product is present at one curie total strength the particular
gamma ray sought may be quite weak or at least of an unde-
termined strength. Therefore, if one daughter isotope is
a pure beta ray emitter and is relatively long lived, this
may preclude the investigation of the other isotopes of that
element unless the apparatus is set up within the reactor
shell where the one curie per isotope limit does not apply.
Several methods of scheduling the irradiation are
possible for elements having more than one isotope that can
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be activated, and still stay within the A.E.C. license.
For instance, if a short lived product becomes much more
active than one curie during the process of building up a
longer lived isotope in the reactor, the sample may be
allowed to decay within the reactor shielding but out of
the thermal neutron flux until the maximum isotopic
activity is less than one curie. However, beta ray heat-
ing must then be considered since the short-lived activity
may be at a high saturation activity and the absorbed beta
ray dose can contribute substantially to the thermal heat-
ing of the whole sample. The vertical facility used in the
MITR has no provisions for cooling of the sample other than
by radiation to the surrounding graphite and by natural
convection within the sample thimble, and both of these
modes yield small heat transfer coefficients. In parti-
cular, it was determined that the beta ray absorbed dose
in thirteen grams of indium was sufficient to melt the
aluminum container after about fifteen hours in a thermal
12flux of 5 x 10 .
^lear property to be considered is that of
magnitude of the thermal cross -section averaged over the
isotopic abundance of that element. In cadmium, for in-
stance, there are some interesting gamma rays, but they
occur in isotopes that have cross -sections of about one
barn The averaged cross -section is 3300 barns, however,
-44-

and so many more neutrons are absorbed by other isotopes
that a flux depression exists within the Sample which
renders only the outer surface effective for producing
activated nuclides. Thus only a small fraction of the
sample volume introduced into the reactor is effective.
If the surface area to volume ratio is increased by using
foils it may be found that not enough sample atoms can be
introduced to give an adequate activity and emulsion ex-
posure. In addition, a local flux depression exists out-
side of the sample in this ease due to the large averaged
cross -section of cadmium, further decreasing the number of
thermal neutrons available to activate the isotope desired.
These two effects are most readily determined by the in-
sertion of the sample and comparing its calculated activity
to the observed activity as deduced from the measured dose
rate, but the decay scheme must be accurately known to
transfer dose rate to activity. In this manner, an effective
flux, averaged over the sample volume at that position with-
in the reactor may be determined and the irradiation carried
on using this average flux to determine the time required
to reach a desired activity.
B. Physical Properties
The encapsulating and handling of samples both before
and after they have been irradiated is affected by their
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chemical and physical states. Each element to be irradiated
must therefore be surveyed and evaluated on these additional
criteria, in conjunction with the foregoing nuclear
evaluation.
Since the beta heating due to absorbed dose may be
significant, the melting point of the element must be con-
sidered. If it is determined that the element will melt
then the vapor pressure within the capsule must not become
too great if the element is to stay contained. This parti-
cular problem was investigated with cesium, which has a
melting point of 28°C. The vapor pressure of cesium is given
as a function of temperature in reference (25).




» vapor pressure in millimeters
T » absolute temperature, °K.
At a temperature of 100°C the vapor pressure is 0.0013 psi so
that in this instance the vapor pressure is not significant,
since the temperature of the cesium sample would not rise
above the surrounding graphite temperature of about 80°C.
at one megawatt reactor power. If beta heating becomes
significant, however, as in the case of indium, then the
internal pressure within the capsule must be ascertained to
be insufficient to cause rupture.
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Pressure may be built up within the capsule if the
gaseous yield of decay products is large. This can, of
course, be determined by consideration of the decay schemes
and utilization of the perfect gas law.
The chemical activity of the samples presented further
encapsulating problems. Barium and strontium, being members
of the alkali earths, both oxidize rapidly in air and burn
violently in water. Special machining arrangements were
made to reduce the purchased sample to a size amenable to
the capsule . Talcing a medium chip and running at low
speeds to control the chips on the lathe proved successful.
A kerosene spray directed on the turning sample inhibited
any tendency for burning, and a thorough clean-up of the
chips and disposal of the contaminated kerosene removed
any danger of subsequent shop fires. Wearing of goggles
and face piece is also recommended for chip protection.
Once machined, these two samples rapidly developed a pro-
tective oxide coating halting further oxidization, so that
only special precaution had to be taken to keep moisture
away from them prior to welding.
Cesium presented more pressing chemical drawbacks and
has not yet been encapsulated. A suggested procedure for
accomplishing this is herein outlined. Cesium is a member
of the alkali metal group with a chemical valence of one
and is thus very reactive, as received from the supplier,
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it is enclosed in evacuated glass ampules since it reacts
violently with any oxidizing agent. Its melting point is
28 °C. and it can thus be poured at room temperature. The
transfer of the cesium from the ampules to the aluminum
irradiation containers can be done in a dry box, in which
the atmosphere consists of an inert gas. Such facilities
exist at M„I.T. A specially threaded aluminum irradiation
container has been made into which the cesium can be poured.
The aluminum should be thoroughly cleaned of any oxide prior
to the transfer. An air-tight seal at the threaded plug can
be made by the insertion of aluminum foil in the threaded
portion to cause gauling when the plug is screwed into the
aluminum capsule. The aluminum capsule can then be taken
out of the dry box to accomplish the welding of the screwed
plug insuring an air-tight, strong seal. Great care must
be taken by the welder to not burn through the aluminum and
release the cesium. This burning through has not occurred
in the past on any aluminum containers that were clean and
contained no inclusions or contaminants in the area to be
welded. However, precautions for prevention of fire in the
event such an accident should be considered and prepared for,
For instance, sand should be available for quenching of any
fire since cesium burns in both water and CCU. It is felt
that cesium can be successfully contained and safely
irradiated in the MITR.
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In general, most of the sources prepared were metallic
powders of such a density that a sufficient amount could be
encapsulated to yield a reasonable exposure time at a re-
latively small material cost. Compacting of the powders
aided in this respect. However, in the case of cesium, the
material cost of the element became significant, and it was
found possible to optimize the cost of material versus the
cost of irradiation time to yield a minimum overall cost
to obtain a one curie source. This optimum occurs at about
three days irradiation time and 23 grams of cesium, and is
of course a function of existing unit costs. The costs used
here were $7o50 a gram and $60 o 00 a 4ay for irradiation time
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Co Source Positioning and
Shielding Arrangements
The line up and relative positioning of the source,
crystal, shielding and emulsion is initially determined
by the energies and energy range desired on the emulsion.
Consider that point (h) shown on Pig. 23 on the focal circle
is the high gamma ray energy limit and that point (1) is
the low energy limit desired. The virtual images, (h»)
and (1
'
) appear on the opposite side of the focal circle
and at the same respective distances from the beta point.
It may be considered that the focused rays converge at
these virtual images for purposes of line up.
The position of the source must first be determined
to insure that straight -through or undeflected gamma rays
can be adequately stopped by shielding so that general
film darkening does not occur. In effect, the desired
gamma rays must be focused by the crystal and deflected
around the straight -through shielding to reach the emulsion.
With the aid of a wire or transit, it must first be established
that the source, crystal, and film are all in the same hori-
zontal plane. The lateral position of the source is then










Source and Shielding Positions
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effective edge of the crystal and tangent to the source
volume. The source must be moved away from the crystal,
staying in this effective zone just determined, until the
straight -through gamma rays cannot be "seen" by the emulsion,
since they have all been shielded out by the straight -through
shielding located at point (b). The position of the source
and the straight -through shielding have now been determined.
Next, the cross-over shielding is located. This
shielding is utilized to keep the general background level
of radiation low in the vicinity of the emulsion. It is
placed at the intersection of line (he) with line (la).
The point (c) is determined by the intersection of line
(h'a 1 ) with the crystal. All sets of shielding should pre-
sent large angles of incidences to the straight -through
gamma rays to minimize the effect of the rather large co-
efficient of reflection at small incident angles for the
gamma ray energies present.
Collimating shielding may now be added for personnel
protection and to keep the general background level of
radiation down. It is positioned between the source and
the crystal, tangent to line (aa
'
) and (bb 1 ). A source
shielding lead "castle" can also be constructed to com-
pletely contain the source for personnel protection, and
line up is complete.
Further utilization of the extended source property
of the system can be made by increasing the energy range
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to be covered. This may be done during the same exposure
by rotating the A-frame with respect to the source position,
since the relative position of the crystal and emulsion re-
mains fixed. Ideally, the A-frame might have a track and
rollers at the emulsion end on the supporting table, and
a pivot under the crystal to facilitate this rotation.
However, the A-frame used here is light enough to be readily
displaced by hand. Since the geometry is predicated on the
principle of an extended source, it is obvious that this
movement is in effect a further "extension" of the source
and therefore does not distort the relative positions of
the calibration and desired gamma ray lines on the emulsion,
as long as the crystal and emulsion are not displaced re-
lative to each other.
Too, the source position could be displaced leaving
the A-frame stationary to achieve the same effect. For
instance, movement of the source to its right will allow
lower energy gamma rays to be focused at the emulsion.
However, the minimum weight of source shielding is realized
by stacking of the lead brick "castle" as close as possible
to the source, thus giving a minimum shielding volume-to-
thickness ratio. Any movement of the source would therefore
necessitate considerable shielding rearrangement. Too, the
collimating shielding must be moved if the source is moved.
In either case the position of the cross -over and straight-
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through shielding must be slightly altered and adjusted.
Movement of the A-frame is therefore much more desirable
for the extension of the energy range to be recorded when
this extension is required, for example, by the small
lateral size of a source. In the limit of a line source,
the relative position of the source and A-frame must be
adjusted for each energy desired.
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D . Source Handling Procedures •'.
After the source canning had been completed, and the
request for irradiation granted, the source was turned over
to the reactor operations crew. They scheduled the source
irradiation specifying time into the reactor, time up onto
the shutter, and time for delivery.
Source removal and transfer was performed in the
following manner. When the sample had been irradiated to
the Intended activity, it was raised above the shielding
shutter by means of the pneumatic grapple, which was pre-
viously discussed (Figure 8). It was not taken all the way
out of the tube but was left on top of the shutter until the
aluminum activity which is short lived but intense had
sufficiently decayed. Any other short lived isotopes which
were not being investigated were also allowed to decay.
When all isotopes had dropped below the activity for which
radiation permission had been granted, the sample removal
phase began. The shutter pig (Figure 17) was placed directly
on top of 30V6, the grapple was lowered through the shutter
pig into the reactor where it picked up the sample, the sample
can was pulled up into the shutter pig, and the shutter was
closed . Then the shutter pig was placed on top of a small
lead transfer pig into which the can was lowered for a wipe
test. The can was returned to the shutter pig and lowered
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to the reactor floor where it was placed on top of the
heavily shielded dolly transfer cart (Figure 18). During
the sample removal and transfer evolution a continual
monitoring of the radiation level was performed. After
the sample can had been lowered into the cart and the
radiation level at all surfaces of the transfer container
were confirmed to be below 1 mr/hr, it was released for
transporting to the third floor, where the experimental
equipment was located. When all was ready for exposure
and the top plug of the transfer cart was removed, a
mirror was used to determine the exact orientation of the
can and to aid in its removal. The tongs shown in
Figure 19 were used for all handling except in the reactor
facility and at the permanent storage vault shown in
Figure 21. Before the new source was placed in the ex-
posure pig (Figure 19)* a one meter radiation reading was
taken
«
Notice that the only times during the entire procedure
when handlers were directly exposed to the canned source
were when it was transferred between transfer cart and
exposure pig. Consequently, it was at these times that




DATA REDUCTION AND CALCULATIONAL METHODS
A. Measurement of Relative Line
Positions
The focusing of the gamma rays on the emulsion allows
discrimination between the known calibration lines and the
unknown lines. If the beta point position on the emulsion
were known exactly, then it would be the obvious reference
point from which the various energies could be measured.
In order to eliminate the mechanical errors accrued during
the location of the beta point and establishment of the
exact focal circle diameter, calibration lines of known
wavelength are applied to the emulsion. Relative measure-
ments are then made between the calibration and unknown
lines to determine the unknown wavelengths. The call-
182bration wavelengths used were omitted from a Ta source
and consisted of the Ta K^,, W Kq,,, and K<Xp> and tne
68 kev and 100 kev gamma lines from excited levels in
tungsten.
An optical comparator, described in reference (29)
was used to measure the linear distances between lines on
the developed emulsions . Bach of three observers made six
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statistically independent observations of each emulsion
so that 18 statistically independent quantities are avail-
able for calculation of the standard error of the mean
values of the unknown wavelengths.
Bo Calculation of Gamma Ray Energies
Any pair ©f known calibration lines may be used to
eliminate the errors involved in measuring the diameter
of the focal circle and the displacement of a line relative
to the beta point. A greater number of calibration lines
will render the system over-determined and a least square
error method is indicated for data reduction. Reference (29)
gives the form of the solution of the simultaneous equations
involved. This type of problem is readily adaptable to machine
computation and essentially requires the inverting of a two
by two matrix. A machine code for the LGP-30 computer at
Mo I.To was worked out by Professor H. Mark and was used for
the calculations and error propagation. The standard
deviation in the final quoted waveje&ngths results from a
measurement error of about 10 mierwas and from the errors
quoted with the calibration line wavelengths. These two
errors are propagated by known methods (14) through the












































An extremely reliable source container has been designed.
Techniques for packing of powdered metal samples have been de-
veloped through a trial and error process. All of the packing
tools and can components have been manufactured. Along with the
techniques outlined, they should insure rapid and dependable pre-
paration of all future sources. The following elements have
been sealed and are now available for future experimentation:






The rotating arm for a relative intensity reading arrange-
ment on the two-meter bent crystal spectrometer has been de-
signed and manufactured. Several gamma ray energies have been
measured for the first time to the precision made possible with
the bent crystal spectrograph technique.
Recommendations
1. Another crystal should be procured to replace the one broken
near the end of the last exposure so that the Irradiation of samples
and the measuring of their gamma rays by this precise method may
be continued c The new crystal should have a new crystal holder
-60-

since the old one was not satisfactorily machined. At the
same time a device for positive positioning by the crystal
holder mounting block should be designed.
2. Efforts toward the measuring of the relative intensities
of gamma rays should be continued. If the 50 curie permit is
not forthcoming, consideration should be given to the con-
struction of a line source type spectrometer to take advantage
of its higher count rates.
3. There are a number of promising gamma rays from sources
already canned that will become practical for detection when
50 curie activation is permitted. These sources should be
kept available along with data on exact weight and activation
decay computations. With the new container, the sample element
dimensions are clearly defined.
4. There are many promising measurements which are precluded
because of the short half lives involved. Moving the apparatus
to the reactor floor and taking the gammas from the source as
it is being activated should be of value.
5. The tong handling procedures should be improved by using
a new handling tool. The tool could be of formed aluminum
tubing and should have a grapple head similar to the one used




PREPARATION OP MOUNTED NUCLEAR EMULSIONS
The passage of a charged particle through a photographic
emulsion produces a latent image along its track length.
When developed, grains of silver are deposited along this track
length, and a permanent record of the ionizing events Is ob-
tained. Ordinary optical emulsions are not suitable for this
application due to their relatively low silver content and
large, interlocking grain structure. Nuclear emulsions con-
tain nearly four times as much silver bromide, compared to
optical emulsions, and their typical grain size is 0.1 microns.
These small, well-spaced grains produce a relatively fine line
width, since an ionizing particle will render developable only
individual grains, rather than several adjacent interlocking
grains as is the case with optical emulsions.
The G-5 Ilford* emulsions used for Ionizing radiation
detection are 600 microns thick. These "pellicules" or
"stripped" emulsions as received must be mounted on some
laterally rigid surface since the developing process causes
Ilford Research Laboratories, Ilford, London, England.
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considerable warpage. The mounting used was a very hard
glass plate, procured from Pittsburg Plate Glass Company,
ground to 28 mils thickness. Past work at Livermore indi-
cated that this thickness of 28 mils could be bent to a two-
meter radius without breakage.
A procedure for mounting of the pellicules onto the
glass is givsn in reference (27). A modified procedure is
herein described. It is felt that this modified procedure
has considerable merit in working with hard glasses
.
All work involving the exposed pellicules is done under
a standard dark room safe light. A flat working surface of
aluminum plate, six inches by two feet is used, and on this
is laid a sheet of polyethylene approximately twice the size
of the pellicule. Reference (27) mentioned that the poly-
ethylene be wiped with glycerine to keep the pellicule from
adhering to the polyethylene when wet, but this difficulty
was not encountered so that the wipe was not employed here.
The pellicule is then laid down upon the polyethylene with
its shiny side up and wiped with a premixed wetting agent
solution. The prepared solution is made up of one part by
volume of Kodak Photoflow wetting agent in 200 parts of dis-
tilled water. The wipe is performed best by wetting a piece
of clean cotton with the solution and then drawing the
cotton lightly over the pellicule so that an even film of
wetting agent is deposited. Care must be taken to avoid
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the formation of air bubbles and, if formed, they must be
wiped away. The glass plate is likewise moistened with
the wetting agent solution on one side.
The glass plate is now laid down onto the pellicule,
starting at one of the mating short edges. Best results
are obtained if the pellicule has been cut approximately
1/16 of an inch shorter than the glass in the long direction.
After contact has been made along the edge only, the glass
is lowered very slowly as more and more area comes into
contact. The actual progressing line of contact is easily
observable and great care must be taken so that this line
does not become skewed or broken by entrained air. Any air
bubbles enclosed at this stage cannot subsequently be re-
moved
.
Upon 100$ contact over the faces the assembly is
turned over by wrapping the excess polyethylene over the
top of the glass and inverting the wrapped assembly. A print
roller is firmly run over the emulsion side still covered
with polyethylene to ensure positive contact all along the
emulsion. Rolling should start at the center and progress
toward the ends of the emulsion taking care that the pressure
used does not crack the glass plate. A distributed weight
of three or four pounds, slightly larger in size than the
pellicule and machined flat on one side is laid on top of
the assembly and allowed to stand for ten minutes. When
-64-

the weight is removed the polyethylene is stripped off the
emulsion. Care must be taken in the initial phase of this
stripping so that the emulsion Is not lifted from the glass.
A successful procedure has been to pull the polyethylene
off in a direction as nearly parallel as possible to the
emulsion face, so that there is a minimum component of
force tending to lift the emulsion from the glass.
The mounted pellicule is immediately wrapped in a
single layer of "Saran Wrap" to prevent any drying tendency.
It is then enclosed in a double light tight black paper
wrapping, and the emulsion side of the assembly marked to
Insure proper mounting in the exposure frame. Since the
emulsion is to be clamped in the exposure frame, there must
be no bulky folds of the light tight wrapper or tape on
either face of the wrapped emulsion which might cause the
glass to crack due to uneven clamping pressure. In addition,
any folds on the emulsion side can cause pressure lines to
appear on the developed emulsion making it difficult to
read in the comparator.
The wrapped emulsion must be stored in a cool, humid
atmosphere to inhibit any self-developing and drying out.
Prior to use each emulsion should be inspected in the dark
room to ensure that the pellicule has adhered to the glass
and that the glass has not shattered due to drying shrinkage.
Usually at this time an X-ray film is inserted on the glass
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side of the emulsion inside of the light tight wrappings.
After completion of the exposure the emulsion is again in-
spected in the dark room, the X-ray film removed and de-
veloped, and the emulsion re -wrapped prior to shipping to
Brookhaven National Laboratories, Upton, L.I., N.Y. for
developing. At no time prior to developing should the
Saran Wrap moisture wrapping be removed, since visual
inspections can be readily made through this wrapping.
It has been mentioned that the glass plates used
had been reduced in thickness after they had been received
from PoP.G. This reduction in size destroyed the thin film
of gelatine that had been deposited upon them to aid in the
adhesion of the pellicule to the glass. It was attempted
to mount pellicules onto these non-coated plates with vary-
ing success. One exposed plate was found, upon inspection
prior to mailing, to have fallen off the glass completely,
thereby destroying any value it might have had for energy
determinations. Others mounted on these uncoated plates
adhered well enough to be developed, but the risk of having
a pellicule stripped off its mounting is too great to take.
It was then undertaken to apply a gelatine coating on the
glasses subsequent to the reduction in size to promote
adhesion.
One part Knox Gelatine in powdered form, by volume,
was dissolved in about ten parts warm water by volume. The
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glasses were thoroughly cleaned and rinsed and then dipped
into the wetting agent solution mentioned previously. The
plates were dipped into the gelatine solution, two passes
being made to insure an even deposition of gelatine. If
visual inspection showed a 100# gelatine covering, the
glasses were allowed to dry in a vertical position.
The first pellicules that were mounted onto these
treated glasses were allowed to dry in the dark room for
approximately 12 hours with no Saran Wrap covering. Upon
inspection prior to wrapping in light tight covers the
mounted glasses were found to be curved concave toward the
pellicula side . Some of the glasses were also broken due
to this shrinkage during drying of the pellicules and con-
tinued exposure to nearly dry air enabled the emulsion to
literally crush the glasses
„
Five steps were taken which have led to the solution
of this breakage problem, as mentioned a moisture barrier
of Saran Wrap is continuously kept around the mounted
emulsion., Secondly, the gelatine solution was cut in half,
using one part Knox Gelatine to 20 parts of warm water by
volume. Thirdly, the size of the pellicules and plates
was reduced from twelve inches to ten inches, A fourth
step was to drape a polyethylene sheet over the emulsion
clamping block. An air-tight seal utilizing masking tape
was made between the A-frame table and the polyethylene
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cover sheet, and inside this "tent" was placed a pan of
water to maintain a high degree of humidity around the
mounted emulsion, thus further inhibiting drying shrinkage.
The fiftfh modification was to polish and etch the
glasses. The cutting of the plates from twelve inches to
ten inches as well as the polishing was done by the same
firm. Etching of the glasses to further remove surface
stress concentrations caused by the grinding to 28 mil
thickness that had not been removed by the polishing
process was accomplished in the following manner. A
solution of 1 part of 50# hydrofluoric acid with 2 parts
of distilled water was prepared and placed in a polyethylene
tray. A readily available tray of the size needed to
accommodate the 2 x 10 inch glasses was made from a
sectioned 8-inch diameter polyethylene jug obtained from
Lab Supplies at M.I.T. A trial glass plate was placed into
the solution for increasing one minute intervals to determine
an etching time, the criteria being that when the glass began
to appear "milky" a general attack of the surface was ensuing,
This general corrosion indicates that surface stress concen-
trations are no longer being preferentially attacked and
thus the maximum value of the surface etch has been passed.
This calibration technique indicated that the optimum etch
time is three minutes with the solution mentioned above.
The etched plates were then rinsed in water, wetted with the
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wetting agent solution and dipped in the gelatine solution
previously mentioned. The etching process also cleans the
glasses very effectively of any previously applied finger-
prints or other oily contaminants, which further insures
100# adhesion.
The first two developed plates received from BNL were
not readable in the comparator. Both plates contained
numerous bubbles where the emulsion no longer adhered to
the glass, and many round, dark spots. In addition to
this, they were also imprinted with pressure lines making
it difficult to distinguish any nuclear gamma ray lines that
were not very dense. One of the plates had been mounted on
a bare glass not treated with the gelatine dip, but the other
had this special treatment. The similarity in appearance of
these developed plates indicated that the blemishes were not
caused by lack of adhesion . A phone call to BNL determined
that the bubbles and dark spots were caused by too rapid
development. Subsequent plates have returned in satisfactory
condition in relation to this defect.
The pressure lines mentioned are caused by the self-
developing pressure sensitivity of the nuclear emulsion,
analagous to the same tendency due to temperature. When the
emulsion is being applied to the glass, it has been mentioned
that a print poller is used to insure positive contact between
the pellicule and the glass. This rolling, performed against
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the emulsion side of the plate provides the energy for the
self-developing process. The lines produced are primarily
a surface phenomenon and the deposits of silver can effectively
be wiped away with methyl alcohol subsequent to the chemical
development of the emulsion, leaving only the nuclear lines
on the plate.
Shipment of exposed emulsions as well as the storage
of developed plates should also be done under humid con-
ditions . The usual shipping procedure has been to enclose
a wetted paper towel within the wooden shipping box and then
taping the box air-tight, a facility for storage of de-
veloped plates in a humid atmosphere has been provided and
consists of an air-tight aluminum shelved box in which is
placed a water dish to provide the necessary water vapor.
UTILIZATION OF X-RAY FILM
The enclosed X-ray film serves as a convenient advance
indication of exposure times and lines obtained and approxi-
mate correlations can be made between X-ray line densities
and nuclear emulsion line densities. The X-ray film is
much less sensitive, of course, but the best results were
obtained with Kodak No -screen, Medical X-ray Safety Film.
In addition, X-ray film may be mounted in positions other
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than the focal circle to give progressing Information on the
exposure, since the enclosed film cannot be removed from the
emulsion pack without terminating the nuclear emulsion ex-
posure. These additional films were placed both In front of
the focal circle on the face of the emulsion clampiBg block
and on top of the emulsion clamping block, the latter
position being preferable since the individual lines are
more completely focused. Kodak KK film was also tried in
the previously mentioned positions, but its sensitivity was






WAVE LENGTHS OP CALIBRATION LINES PROM Ta182 SOURCE
Line
Wave Length in
Seigbahn x Units Reference
Tantalum K& 1 215.050 +0.010 1.
Tungsten K<x 2 213.382 +0.010 1.
Tungsten Kb<, 1 208.571 + 0.010 1.




68 kev and 123.599 + 0.014 2.
100 kevo
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